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 I 
The thesis entitled “Studies for Directed Prins Cyclization and 
Application to the Synthesis of eopeltolide” has been divided into 
three chapters. 
 
 
CHAPTER-I: Chapter I has been divided into two sections. 
SECTIO A: Section A deal with the historical background of Prins Cyclization 
and application to the total synthesis of natural products. 
SECTIO B: Section B deal with the contemporary approaches to the synthesis 
of chiral 1,3-diol units and application to the total synthesis of 
natural products. 
CHAPTER-II: Chapter II has been divided into two sections. 
SECTIO A: Section A deals with the historical and biological background of 
Neopeltolide, including their isolations, structural elucidation and 
previous synthetic approaches. 
SECTIO B: Section B deals with the formal total synthesis of Neopeltolide. 
CHAPTER-III: Chapter III has been divided into three sections. 
SECTIO A: Section A deals with the synthesis of 4-iodo tetrahydropyran 
derivatives via Prins Cyclization. 
SECTIO B: Section B deals with the synthesis of 4-amido tetrahydropyran 
derivatives via Prins-Ritter reaction sequence. 
SECTIO C: Section C deals with the synthesis of 4-azido tetrahydropyran 
derivatives via Prins Cyclization. 
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CHAPTER-I, Section A: Historical background of Prins cyclization and 
application to the synthesis of natural products. 
This comprehensive chapter is devoted specifically to Prins cyclization leading to 
tetrahydropyrans and their extension to the synthesis of thiacyclohexanes and 
piperidine units.  Both mechanistic and synthetic studies will be discussed. 
Tetrahydropyran unit is found in many biologically active natural products. These are 
prepared by hetero-Diels-Alder methods, manipulations of carbohydrates, 
intramolecular Michael reactions, and other methods. Prins cyclization has long been 
used for the synthesis of 4-substituted tetrahydropyrans.  
The Prins cyclization is one of the fundamental methods for C–C bond formation. A 
much larger field of applications including both the classical Prins reaction, and Prins 
cyclization leading to five-, seven-, eight- and nine- membered ring carbocycles and 
heterocycles. In the simplest case, the reaction involves a homoallylic alcohol, an 
aldehyde and Brønsted or Lewis acid. The latter plays the role of the catalyst and, 
depending on the experimental conditions; it can act as a source of nucleophilic anion, 
which provides a powerful access to tetrahydropyran derivatives. Moreover, this 
reaction has been used in macrocyclizations and in cascade reactions, such as 
Mukayama Aldol Prins and Pinacol Prins. It is somewhat astonishing that the number 
of applications of a reaction that has been known for more than fifty years is still 
showing an exponential increase at the beginning of the 21
st
 century. 
 
CHAPTER-I, Section B: Contemporary approaches to the synthesis of chiral 
1,3-diol units and application to the total synthesis of natural products. 
 
This comprehensive chapter is devoted specifically to the synthesis of chiral 1,3-diol 
units. 
1,3-Diol moieties occur as important subunits in a number of biologically active 
polyketide natural products and intermediates used for the synthesis of complex 
molecules. Natural products of polyketide biosynthetic origin represent an important 
class of synthetic targets that display a range of potent and diverse biological 
activities. These activities range from antibacterial and antifungal to cytotoxic and 
immunosuppressive. Members of this class have long served to stimulate the 
development of methods designed to access their highly functionalized acyclic 
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 III 
architectures. As such, a variety of methods have been developed for the synthesis of 
1,3- polyol units, one of the widespread and challenging structural motifs. 
Specifically, the anti-1,3-diol system is a key unit of several biologically active 
molecules such as (+)-strictifolione, (-)-pironetin, (-)-salicylihalamide A and crocacin 
C and is also a key intermediate of several complex molecules. Synthetic access to 
such subunits is still in great demand. 
 
CHAPTER-II, Section A: Historical and biological background of 
eopeltolide, including their isolations, structural elucidation and previous 
synthetic approaches. 
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Figure 1. Structure proposed by Wright et al (1), revised structure of neopeltolide (2),
                macrolactone of neopeltolide (3), leucascandrolide A (4)
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 IV 
Neopeltolide constitute a novel class of bioactive marine natural products, 
isolated from a deep-water Caribbean sponge of the family Neopeltidae collected off 
the north Jamaican coast by Wright et al. Initial testing demonstrated cytotoxic 
activity against several cancer lines, including P388 murine leukemia, A-549 human 
lung adenocarcinoma, and NCI-ADR-RES human ovarian sarcoma, with their 
respective IC50 values of 0.56, 1.2, and 5.1 nM, respectively. The key structural 
features of neopeltolide include a 14-membered macrolactone ring 3 (Figure 1), 
which contains an ether bridge forming a tetrahydropyran subunit. Moreover, there 
are six stereogenic centers. The hydroxyl group at C5 is acylated with an oxazol- and 
a carbamate-containing side chain. This substituent occupies an axial position in the 
pyran ring. The side chain is identical to the one in the macrolide leucascandrolide A 
4 (Figure 1), which displays a similar biological profile. Further related natural 
products with a macrolactone part similar to neopeltolide include polycavernoside, 
lyngbyaloside, lyngbouilloside, aurisides
8
 and callipeltoside. The key distinction 
between these natural products is the C-7 hemiketal functionality as opposed to the 
reduced ether of the tetrahydropyran ring system present in neopeltolide. 
Additionally, several of these molecules exhibit modest to slight cytotoxicity as 
opposed to the high biological activity of neopeltolide. 
The initially completed two total syntheses, one by Panek group and the other 
by Scheidt group showed the original stereochemical assignments at C11 and C13 
represented by structure 2 (Figure 1) and several total and formal syntheses followed 
these initial reports. Notably, the Kozmin group achieved a total synthesis of 
neopeltolide, as well as preparing a simplified analogue of leucascandrolide, enabling 
more extensive biological analysis and leading to the identification of the cytochrome 
bc1 complex as the cellular target for both these antiproliferative macrolides. 
Importantly, neopeltolide compares favourably to the most potent cytochrome bc1 
complex inhibitors, suggesting that it could be a useful tool for the investigation of 
eukaryotic energy metabolism. Recently, Maier group and Scheidt group reported the 
biological evaluation of neopeltolide and analogs. Intrigued by its excellent biological 
activity and interesting molecular architecture, we became interested in the formal 
total synthesis of Neopeltolide.  
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CHAPTER-II, Section B: Formal total synthesis of eopeltolide. 
Retrosynthetic analysis: 
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 VI 
This Section deals with the total synthesis of Neopeltolide macrolactone 3. The 
retrosynthetic analysis of Neopeltolide 2 is shown in Figure 2. 
As outlined in Figure 2, a Mitsunobu esterification reaction of macrolactone 3 with 
the unsaturated heterocyclic side chain 5 was anticipated to provide neopeltolide 2 
directly. Furthermore, we envisaged that the macrolactone 3 could be constructed 
using intramolecular Prins cyclization of aldehydic homoallyl alcohol 6 through 
oxocarbenium ion. This leads to an acetal 7 and acid 8. The acetal 7 was proposed to 
obtain from the 2,4,6-trisubstituted tetrahydropyran 9. The tetrahydropyran 9 was 
anticipated to be prepared from aldehyde 10 and homoallyl alcohol 11 via 
intermolecular Prins cyclization, which would be easily synthesized from (S)-
citronellol 12 and epichlorohydrin 13 respectively. Furthermore, the acid fragment 8 
thought to be derived from epoxide 14 through a standard series of reactions. The 
epoxide 14 could be prepared from but-3-en-1-ol homoallyl alcohol 15 through 
routine course of reactions. 
Synthesis of compound 11:  
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Scheme1: Reagents and conditions: a) BnOH, NaH, THF, 0 oC-
rt, 30 min, 82%; b) (R,R)-Jacobsen Co-(Salen) 17, AcOH, H2O, 0
oC-rt, 22h, 48%, >99% ee; c) CH2=CHMgBr, CuI, THF, -78 
oC to -
48 oC, 1h, 93%; d) Na, liqNH3, THF, -78 
oC, 1h, 76%.
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(±)-Epichlorohydrin 13 was converted into benzyl protected glycidol 16 by 
treating with NaH and benzyl alcohol in THF at 0ºC in 82% yield. The Jacobsen’s 
hydrolytic kinetic resolution of the racemic epoxide (1 eq.) with 0.55 eq. of H2O in 
the presence of 0.005 mol% (salen) Co(III) (OAc) complex [(R,R)-,-bis-(3,5-di-
tert-butylsalicylidene)-1,2-cyclohexanediamino-Co(III)-acetate] 17 gave chiral 
epoxide, (S)-benzyl glycidyl ether 18 in 48% yield with >99% ee. Cu- mediated 
regioselective opening of (S)-benzyl glycidyl ether 18 with vinyl magnesium bromide 
followed by debenzylation with Li or Na in liquid ammonia gave (S)-pent-4-ene-1,2-
diol 11 in 70% yield (for two steps) (Scheme 1). 
 
Synthesis of compound 7: 
Protection of (S)-citronellol 12 with benzyl bromide followed by the oxidation with 
PhSeOH-t-BuOOH yielded an allylic alcohol 21. This was ozonized in MeOH. The 
resulting ozonide was reduced with Me2S to give the desired aldehyde 10. 
Intermolecular Prins cyclisation of aldehyde 10 with (S)-pent-4-ene-1,2-diol 11 in the 
presence of TFA followed by hydrolysis of the resulting trifluoroacetate gave 
trisubstituted pyran 9 in 56% yield.
 
The
 
stereochemistry of compound 9 was assumed 
to be in anticipated line as it was well examined and established previously. 
Furthermore, tosylation of 9 with 1.1 equiv of tosyl chloride in the presence of TEA 
in DCM afforded corresponding primary tosylate 22 in 92% yield. TBDPS protection 
of the secondary alcohol 22 with TBDPSCl, DMAP and imidazole gave 
corresponding TBDPS ether 23. Treatment of tosylate 23 with NaI in refluxing 
acetone gave corresponding iodo compound 24. Upon exposure of compound 24 to 
unactivated zinc in refluxing ethanol gave key intermediate 25 in 96% yields. The 
alcohol functionality in the 25 was protected using Meerwein’s salt in the presence of 
proton sponge. One-pot olefin reduction and benzyl ether deprotection with Raney-
nickel gave saturated primary alcohol
21
 27. Oxidation of 27 with Dess-Martin 
periodinane (DMP) yielded aldehyde 28. One-pot aldehyde protection and silyl ether 
deprotection led to seco-alcohol 7 using trimethyl orthoformate with PTSA as catalyst 
(Scheme 2). 
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Scheme 2: Reagents and conditions: a) NaH, BnBr, TBAI,
THF,12h, 92%; b) H2O2, PhSeSePh, t-BuOOH, MgSO4, CH2Cl2,
27h, 80%; c) O3, Me2S, CH3OH, 88%; d) (S)-pent-4-ene-1,2-diol,
TFA, CH2Cl2 then K2CO3, CH3OH, 3.5h, 56%; e) TsCl, Et3N,
CH2Cl2, 5h, 92%; f) TBDPSCl, DMAP, imidazole, CH2Cl2, 3h, 97%; 
g) NaI, acetone, reflux, 24h, 94%; h) Zn, EtOH, reflux, 1h, 96%; i)
Me3OBF4, proton sponge, CH2Cl2, 48h, 86%; j) H2, Raney-nickel,
EtOH, 6h, 93%; k) DMP, NaHCO3, CH2Cl2,1h, 93%; l) PTSA,
CH(OMe)3, CH3OH, 6h, 76%.
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Synthesis of compound 14: 
The commercially available but-3-en-1-ol 15 was protected as it tert-
butyldiphenylsilyl ether in 99% yield. The double bond was oxidised with m-CPBA to 
give racemic epoxide 30 in 98% yield. The racemic epoxide was subjected to 
Jacobsen’s hydrolytic kinetic resolution [(S,S)-,-bis-(3,5-di-tert-butylsalicylidene)-
1,2-cyclohexanediamino-Co(III)-acetate] 31 to give stereochemically pure (ee>99%) 
epoxide 14 in 44% yield (Scheme 3). 
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Scheme 3: Reagents and conditions: a) TBDPSCl, imidazole, 0 oC-
rt, 4h, 99%; b) mCPBA, CH2Cl2, 0
oC-rt, 6h, 92%; c) (S,S)-Jacobsen
Co-(Salen) 31, AcOH, H2O, 0 
oC-rt, 16h, 46%, >99% ee.
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c
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Synthesis of compound 8:  
Compound 8 was synthesized starting from known chiral epoxide 14. Cu- mediated 
regioselective opening of epoxide 14 provided homoallylic alcohol 32. Conversion of 
the alcohol to PMB ether 33 was accomplished by reacting with p-methoxybenzyl 
trichloroacetimidate in the presence of catalytic CSA. Deprotection of the primary 
TBDPS ether with TBAF and subsequent oxidation of 34 with DMP and NaClO2, 
NaH2PO4, 2-methyl-2-butene in t-BuOH/H2O afforded the acid fragment 8 in 96% 
yield (Scheme 4). 
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Scheme 4: Reagents and conditions: a) CuI, CH2=CHMgBr,
THF, -20 oC, 2h, 92%; b) PMBOC(NH)CCl3, CSA, CH2Cl2, 12h, 
76%; c) TBAF, THF, 12h, 90%; d) DMP, CH2Cl2; NaClO2,
NaH2PO4, 2-methyl-2-butene, t-BuOH, 6h, 96%.
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Synthesis of macrolide 3:  
Esterification of free OH group of 7 with (R)-3-(4-methoxybenzyloxy)hex-5-enoic 
acid 8 in the presence of DCC and a catalytic amount of DMAP gave compound 35 
which on treatment with DDQ yielded the corresponding aldehydic homoallylic 
alcohol 6 required for intramolecular Prins cyclisation. The compound 6 was treated 
with triethylsilyl trifluoromethanesulfonate (TESOTf) in acetic acid in the presence of 
trimethylsilyl acetate (TMSOAc) and subsequently treated under basic conditions to 
yield bicyclic macrolactone 3 (Scheme 5). 
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Scheme 5: Reagents and conditions: a) DCC, DMAP, CH2Cl2, 3h, 
92%; b) DDQ, pH buffer, CH2Cl2, 36h, 92%; c) TESOTf, TMSOAc,
AcOH then K2CO3, CH3OH, 0.5h, 66%.
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CHAPTER III, Section A: Synthesis of 4-iodotetrahydropyran derivatives 
via Prins cyclization. 
 The tetrahydropyran ring system is a core unit in a number of natural products 
such as avermectins, aplysiatoxins, oscillatoxins, latrunculins, talaromycins and 
acutiphycins. Tetrahydropyran derivatives are usually prepared via Prins-cyclization 
using acid catalysis. Recently, indium halides and TMSI have been found to be useful 
for this transformation. However, many of the classical methods often involve the use 
of expensive reagents, extended reaction times and also generate a mixture of 
products. Therefore, the development of a simple and efficient protocol using 
inexpensive and readily available reagents would extend the scope of the Prins-
cyclization in natural product synthesis. 
In recent years, molecular iodine catalyzed or mediated reactions have gained 
importance in organic synthesis. The mild Lewis acidic nature of iodine has been 
exploited in several transformations. Thus, we envisaged that molecular iodine could 
play a dual role as a catalyst that initially promotes hemi-acetal formation and as a 
nucleophile that subsequently attacks the carbocation to afford an 
iodotetrahydropyran. One advantage of such a method would be that the equimolar 
amount of HI generated in situ during the reaction may participate in the hemi-acetal 
formation and subsequent cyclization. Thus, such a protocol for the Prins-cyclization 
is anticipated, in addition to experimental simplicity, to preclude the use of external 
metal catalysts and harsh acidic conditions.  
In continuation of our interest on the use of molecular iodine for various 
transformations,
8
 we herein report the first direct and metal catalyst-free Prins-
cyclization for the rapid synthesis of highly substituted tetrahydropyrans from 
homoallylic alcohols and aldehydes using molecular iodine under neutral conditions. 
Accordingly, treatment of cis-hex-3-en-1-ol 36 with 3,4,5-trimethoxybenzaldehyde 37 
in the presence of molecular iodine at ambient temperature for 35 min gave the 
corresponding 4-iodotetrahydropyran 38 in 92% yield with all cis-selectivity (Scheme 
6). 
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Scheme 6 
Similarly, p-anisaldehyde, isobutyraldehyde and isovaleraldehyde underwent smooth 
coupling with cis-hex-3-en-1-ol to give the respective 4-iodotetrahydropyrans in 
excellent yields (entries b-d Table 1). The use of cis-homoallylic alcohols afforded 
2,3,4-trisubstituted tetrahydropyrans with the all cis-configuration while trans-
homoallylic alcohols gave 2,3,4-trisubstituted tetrahydropyrans with the trans-trans-
configuration. Interestingly, trans-undec-4-en-2-ol reacted efficiently with a variety of 
aldehydes such as n-propanal, isobutyraldehyde, n-hexanal and p-anisaldehyde to 
produce 2,3,4,6-tetrasubstituted pyran derivatives (entries e-h, Table 1). Likewise, 
trans-non-4-en-2-ol 40 gave the corresponding 2,3,4,6-tetrasubstituted pyrans 41 with 
the trans-trans-configuration (entries i-m, Table 1, Scheme 7).  
 
 
 
 
Scheme 7 
In addition, the unsubstituted homoallylic alcohol, but-3-en-1-ol also produced 2,4-
disubstituted tetrahydropyrans in high yields (entries n-p, Table 1) under similar 
conditions. 
In summary, molecular iodine is proved to be a useful and novel reagent for Prins-
cyclization to produce highly substituted tetrahydropyrans in excellent yields in short 
reaction times. The experimental procedure is simple, convenient and the reaction 
conditions are amenable to scale-up. This method provides an easy access to 4-
iodotetrahydropyrans with diverse chemical structures. 
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Table 1: Iodine-promoted preparation of 4-iodotetrahydropyran derivatives
aAll products were characterized by 1H NMR, IR and mass spectroscopy.
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CHAPTER III, Section B: Synthesis of 4-amidotetrahydropyran derivatives 
via Prins-Ritter reaction sequence.  
 
Combining three or more components in a one-pot catalytic operation avoiding 
stoichiometric amounts of reagents, large volumes of solvents and extensive 
purification techniques, is one target of modern organic synthesis. The 4-amino 
tetrahydropyran ring system is a core unit in a number of natural products such as 
ambruticins VS, glycamino acid and others. Generally, tetrahydropyran derivatives 
are prepared via Prins-cyclization using acid catalysis. Although there have been 
some reports on the use of the Ritter reaction to terminate Prins-cyclizations, the 
scope of this process has not been explored extensively, hence an efficient and 
practical methodology for a Prins-Ritter sequence would be of importance for natural 
product synthesis. Recently, CeCl3·7H2O has received attention as a cost-effective, 
non-toxic, readily available and selective reagent for various organic transformations. 
The mild Lewis acidity associated with cerium(III) chloride enhances its use at levels 
from stoichiometric to catalytic, as a powerful reagent for various organic 
transformations.  
 We describe here an efficient Prins-Ritter reaction sequence for the direct 
synthesis of 4-amido tetrahydropyrans from homoallylic alcohols, carbonyl 
compounds and nitriles. Firstly, we carried out a three-component coupling reaction 
of 2-naphthaldehyde 42 with but-3-en-1-ol 15 in acetonitrile in the presence of 10 
mol% of CeCl3·7H2O and 1.5 eq. of acetyl chloride at ambient temperature. The 
reaction went to completion in 7 h and the product, 4-acetamido tetrahydropyran 43 
was obtained in 88% yield with cis-selectivity (Scheme 8).  
 
 
 
 
 
Scheme 8 
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Thus encouraged by these results, we examined various substituted arylaldehydes and 
homoallylic alcohols. P-Methylbenzaldehyde, p-bromobenzaldehyde, 3,4,5-
trimethoxybenzaldehyde and p-nitrobenzaldehyde reacted well with 3-buten-1-ol in 
acetonitrile to produce the corresponding 4-acetamido tetrahydropyrans in high yields 
(entries b-e, Table 2). Furthermore, substituted homoallylic alcohols such as 1-
phenylbut-en-1-ol and 1-cyclohexylbut-3-en-1-ol also participated efficiently in this 
transformation (entries f-i, Table 2). Ketones such as cyclohexanone and 2-
adamantanone 44 reacted comparably giving spirocyclic 4-acetamido 
tetrahydropyrans 45 in good yields (entries j and k, Table 2, Scheme 9).  
 
 
 
 
 
Scheme 9 
 
The process also succeeded with benzonitrile, benzyl cyanide, t-butyl nitrile and n-
butyronitrile (entries l-o, Table 2). Other Lewis acid catalysts such as InCl3, InBr3, 
BiCl3 and ZrCl4 were tested, but CeCl3·7H2O was found to be most efficient in terms 
of conversion. The nature of the substituents on the aromatic ring had some effect on 
the conversion. Unactivated and moderately activated aryl aldehydes such as chloro- 
or bromo-substituted benzaldehyde gave higher yields of products compared to 
strongly activated or deactivated aldehydes. The scope and generality of this process 
is illustrated with respect to various carbonyl compounds, homoallylic alcohols and 
nitriles and the results are presented in Table 2. 
In summary, we have described a novel and efficient Prins-Ritter sequence to produce 
highly substituted 4-amido tetrahydropyrans in high yields with all cis-selectivity. The 
use of inexpensive and readily available CeCl3·7H2O/CH3COCl makes this procedure 
simple, convenient and practical. 
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a All products were characterized by 1H NMR, 13C NMR, IR and mass spectrometry.
b isolated and unoptimized yield.
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Table 2: Preparation of 4-acetamidotetrahydropyrans via  Prins-Ritter reaction sequence 
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CHAPTER III, Section C: Synthesis of the 4-azidotetrahydropyran 
derivatives via Prins cyclization. 
 
The 4-aminotetrahydropyran skeleton is a core structure in a number of natural 
products such as ambruticins VS, glycamino acid and others. Tetrahydropyran 
derivatives are generally prepared via Prins-cyclization using acid catalysis. 
Multicomponent one-pot reactions are highly important because of their wide range of 
applications in pharmaceutical chemistry for production of structural scaffolds and 
combinatorial libraries for drug discovery. Organic azides are versatile building 
blocks for the synthesis of natural products and nitrogen-containing heterocycles such 
as triazoles, tetrazoles and isocyanates of pharmacological relevance. Recently, they  
have been somewhat popularized due to their pivitol role in the emerging field of 
“click chemistry”, and in particular, since the discovery of the Cu(I) catalyzed 
Huisgen cycloaddition between organic azides and terminal alkynes. This powerful 
and reliable bond-forming process has found widespread application, e.g., in 
combinatorial drug discovery, material science and bioconjugation.
 
The introduction 
of an azido functionality into an organic molecule is a challenging task. Furthermore, 
the development of a simple and more versatile approach for the direct preparation of 
4-azidotetrahydropyrans would be very useful for the synthesis of natural products 
possessing a 4-aminotetrahydropyran framework.  
In continuation of our research on the Prins-cyclization, we report a more 
versatile approach to 4-azidotetrahydropyran derivatives via a three component coupling 
(3CC) involving condensation of a homoallylic alcohol with an aldehyde and sodium 
azide. The 3CC reaction was carried out in the presence of trifluoroacetic acid. This 
approach allows for the preparation of a diverse range of 4-azidotetrahydropyrans. 
Accordingly, we initially studied the three component coupling of benzaldehyde 46, 
but-3-en-1-ol 15 and sodium azide using 10 eq. of trifluoroacetic acid in 
dichloromethane. The reaction went to completion within 5 h at room temperature and 
the product, 4-azido-2-phenyl-tetrahydro-2H-pyran 47 was isolated in 89% yield with all 
cis-selectivity (Scheme 10). 
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Scheme 10 
 
This result encouraged us to extend this process to various aldehydes and homoallylic 
alcohols. Interestingly, aryl aldehydes such as 3,4,5-trimethoxybenzaldehyde, p-
methylbenzaldehyde, p-bromobenzaldehyde and p-nitrobenzaldehyde underwent 
smooth coupling with but-3-en-1-ol to give the corresponding 2,4-disubstituted 
tetrahydropyrans in high yields (entries b-e, Table 3). In addition, aliphatic aldehydes 
such as isobutyraldehyde, cyclohexanecarboxaldehyde, n-pentanal, n-decanal and 3-
phenylpropanaldehyde also participated well in this reaction (entries f-j, Table 3). 
Aryl substituted homoallylic alcohols also reacted efficiently with aryl aldehydes to 
produce 2,4,6-trisubstituted tetrahydropyran derivatives (entries k-m, Table 3). The 
coupling between 1-cyclohexylbut-3-en-1-ol 49 and cyclohexanecarboxaldehyde 50 
gave the symmetric 4-azido-2,6-dicyclohexyltetrahydro-2H-pyran 50 with all cis-
configuration (entry n, Table 3, Scheme 11).  
 
 
 
 
 
 
 
Scheme 11 
 
Similarly, the coupling of non-1-en-4-ol with n-hexanal afforded the symmetrical 4-
azido-2,6-dipentyltetrahydro-2H-pyran under identical conditions (entry o, Table 3). 
In conclusion, we have developed a three component, one-pot strategy for the 
synthesis of highly substituted 4-azidotetrahydropyrans via Prins-cyclization and 
azidation using trifluoroacetic acid as promoter. This method provides a direct access 
to 2,4-di- and 2,4,6-trisubstituted azidotetrahydropyran derivatives. 
 
 
1546 47
O
CHO OH
+
CH2Cl2, r.t.
TFA - NaN3
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CHOMeO
OMe
CHO
Entry
a
b
c
d
e
f
g
h
i
j
k
l
m
n
Time (h) Yield
5.0
6.0
5.5
3.5
4.5
6.5
6.0
6.5
4.0
3.5
89
84
90
87
83
88
84
91
Homoallylic alcohol Aldehyde Azidopyran a
85
92
O
N
3
Table 3: Preparation of 4-azidotetrahydropyran derivatives using TFA/NaN
3
aAll products were characterized by 1H NMR, IR and mass spectroscopy.
bisolated and unoptimized yield.
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